commercial and recreational fisheries are composed of both populations of bluefin tuna (Fig.  2) . A large fraction of the school (57.4%) and medium (44.3%) category bluefin tuna present in the U.S. waters of the Mid Atlantic Bight were from the eastern population, and we observed that the occurrence of eastern bluefin tuna in the Mid Atlantic Bight decreased with increasing size (age) (Fig. 3) . Our estimates of trans-Atlantic exchange were significantly higher than previous reports from conventional tags (3) and demonstrated substantial intermingling of individuals from eastern and western populations in U.S. waters, a finding supported with recent evidence from electronic tags (5) . In contrast, giant category bluefin tuna collected from northern U.S (Gulf of Maine) and Canadian (Gulf of St. Lawrence) fisheries were almost entirely of western origin (94.8% and 100%, respectively). The mechanism(s) responsible for differences in stock composition of bluefin tuna samples from Mid Atlantic Bight (mixed populations) and Gulf of Maine/Gulf of St. Lawrence (western population) waters appears related to size (age) or reproductive state. The majority of our sample from the Mid Atlantic Bight was composed of adolescent bluefin tuna (<5 years of age), and tagging studies have demonstrated that young bluefin tuna are more likely to display transAtlantic movements that are linked to foraging than are adults (2) . Ontogenetic shifts in dispersive behaviors often occur for marine vertebrates displaying natal homing, with exploratory movements associated with foraging decreasing at the onset of breeding (17, 18) . Similarly, our finding of stock homogeneity of giants (>140 kg, >10 years of age) in the Gulf of Maine and Gulf of St. Lawrence, and increasing contributions from the western population with age in the Mid Atlantic Bight, suggests that movement becomes more limited and structured after bluefin tuna become sexually mature.
Significant trans-Atlantic mixing of eastern adolescents on western foraging areas emphasizes the connectivity of Atlantic bluefin tuna populations. Under the current assessment framework that assumes limited mixing, a high degree of exchange evident from chemical signatures in otoliths indicates that past abundances of western Atlantic bluefin tuna may have been overestimated, particularly at younger age classes. In addition, exchange rates reported here show that U.S. fisheries for bluefin tuna appear dependent, to some extent, on recruits from the Mediterranean Sea. Because the eastern population is at least an order of magnitude higher in abundance than the western population (19) , it is unlikely that west-toeast movement of adolescents from the western population contribute significantly to Mediterranean and other eastern Atlantic fisheries. Of greater concern is that adolescents from the western population show similar eastward dispersive behaviors across the 45°W management boundary. If this occurs at rates observed here for eastern adolescents, the smaller, less productive western population will be disproportionately affected by higher fishing rates in the eastern management zone.
The disparity between the eastern and western population sizes and the continued decline of the western stock suggests that some added level of protection is needed to ensure the sustainability of the smaller western component. Natal homing rates reported here were remarkably high to both regions and clearly show that the contribution of eastern adults to the western spawning area is inconsequential. Thus, spawning adults in the Gulf of Mexico appear to be entirely of western origin, and this region should be given high priority for conservation. High connectivity between foraging areas in the Gulf of Maine/Gulf of St. Lawrence and the Gulf of Mexico was also observed, signifying that this region of the northern Atlantic represents critical refugia for western giants. Due to the condition of the western population, a more conservative rate of exploitation of bluefin tuna, inclusive of eliminating bycatch in the Gulf of Mexico, will be required for the recovery of this population. 
Glia Are Essential for Sensory Organ Function in C. elegans
Taulant Bacaj,* Maya Tevlin,* Yun Lu, Shai Shaham † Sensory organs are composed of neurons, which convert environmental stimuli to electrical signals, and glia-like cells, whose functions are not well understood. To decipher glial roles in sensory organs, we ablated the sheath glial cell of the major sensory organ of Caenorhabditis elegans. We found that glia-ablated animals exhibit profound sensory deficits and that glia provide activities that affect neuronal morphology, behavior generation, and neuronal uptake of lipophilic dyes. To understand the molecular bases of these activities, we identified 298 genes whose messenger RNAs are glia-enriched. One gene, fig-1 , encodes a labile protein with conserved thrombospondin TSP1 domains. FIG-1 protein functions extracellularly, is essential for neuronal dye uptake, and also affects behavior. Our results suggest that glia are required for multiple aspects of sensory organ function. G lia, the largest cell population in vertebrate nervous systems, are implicated in processes governing nervous system development and function (1) . However, the functions of few glial proteins are characterized. Astrocytic glia are often positioned near synapses and can respond to and participate in synaptic activity (2, 3) , influencing the response of postsynaptic cells to presynaptic stimulation (4).
Sensory neurons convert environmental stimuli into neuronal activity, and their receptive endings are often associated with glia, such as retinal pig-mented epithelial cells and Müller glia or olfactory ensheathing cells. Because sensory neurons are postsynaptic to the environment, their associated glia may affect sensory activity in ways analogous to synaptic astrocytes.
Sensory organs are conserved structures, exhibiting morphological, functional, and molecular similarities among diverged species (5). To understand glial contributions to sensory neuron functions, we studied the largest sensory organ of the nematode Caenorhabditis elegans, the amphid. This organ mediates responses to chemical, thermal, and tactile stimuli, promoting attractive and repulsive behaviors that are easily assayed. Each of the bilateral amphids comprises 12 neurons extending ciliated dendrites to the anterior tip (5) . These neurons can be grouped based on association with the single amphid sheath glial cell: The dendritic receptive endings of four neurons are entirely surrounded by this glial cell in a hand-in-glove configuration, whereas remaining cilia are encased in a channel formed by the same glial cell and are exposed, through a pore, to the outside environment (5, 6) ( fig. S1 ).
We ablated sheath glia in first-stage larvae, after the amphid had formed, by either using a laser microbeam (7) or expressing the diphtheria toxin A gene from a sheath-glia-specific promoter (8) . Ablation success was monitored by disappearance of a glia-specific green fluorescent protein (GFP) reporter, and by electron microscopy (EM) reconstruction of amphid sensory endings. We first examined the glia-embedded sensory neurons AWC, AWA, and AWB. Animals with bilateral sheath-glia ablation display severe defects in AWC-mediated chemotaxis toward benzaldehyde or isoamyl alcohol (9) (Fig. 1A) , behaving comparably to che-2(e1033) mutants, which lack functional sensory cilia (10) . Similarly, ablation also reduced chemotaxis toward AWA-sensed odorants (Fig. 1C) . By contrast, AWB function was not affected by sheath glia ablation (Fig. 1E) .
To confirm these neuron-selective effects of glia on odortaxis, we expressed the ODR-10 diacetyl receptor, normally found only in AWA (11) , also in AWB neurons. As previously described (12) , animals expressing ODR-10 in both neurons are less attracted to diacetyl than wild-type animals, reflecting the opposing behavioral outputs of these neurons (Fig. 1G) . However, consistent with a defect in AWA, sheath-glia ablated animals expressing ODR-10 in both neurons are repelled by diacetyl (Fig. 1G) . In glia-ablated animals, the extracellular environment of AWA and AWB is identical. The normal AWB response, therefore, suggests that odorant molecules can access and interact with odorant receptors in the absence of glia and that the presence of glia is required for integrating opposing environmental stimuli.
We also examined thermotaxis, a behavior mediated by the AFD sheath-glia embedded neuron. Whereas wild-type animals seek their cultivation temperature on a thermal gradient (13, 14) , inactivation of AFD by cell ablation or by the ttx-1(p767) mutation results in cryophilic/athermotactic behavior (14) . Sheath-glia ablation does not seem to eliminate AFD function but results in thermophilic behavior ( fig. S2), suppressible by ttx-1(p767) (fig. S2D) .
The ciliated sensory receptive endings of AWC, AWA, AFD, and to a lesser extent AWB, were defective in sheath-glia ablated animals ( Fig. 1) . Sheath-glia ablation resulted in complete loss of the AWC wing-like cilium structure (Fig. 1B) (n >100), and expansion of this structure in dauer animals was also blocked ( fig. S3) (n = 2) . Similarly, the highly branched processes of the AWA cilium were largely eliminated in sheath-glia ablated animals ( Fig. 1D ) (n = 10), as were the microvilli-like extensions of the AFD sensory ending (Fig. 1H ) (n = 15). Ciliary localization of olfactory signaling proteins, including ODR-10 (AWB, Fig. 1F ; AWA, Fig. 1 . Glia are required for behavior and cilium structure. (A) Glia-ablated animals have defective AWCmediated odortaxis toward 1% isoamyl alcohol (Iaa) and 0.5% benzahldehyde (Bz), P < 0.001 (Student's t test). (B) A wild-type AWC cilium (red, odr-1::RFP) ensheathed by an amphid sheath glia (green, vap-1::GFP). Glia ablation in the contralateral amphid results in an amorphous cilium. Anterior, up. Scale bar, 5 mm. (C) Glia-ablated animals have defective AWA-mediated odortaxis toward 1% methyl pyrazine (Pyr) and 0.1% diacetyl (Dia), P < 0.001. (D) Glia removal decreases AWA cilium branching (odr-3::ODR-3p::GFP). (E) Glia are not required for AWB function, 10% 2-nonanone avoidance. (F) AWB cilium morphology appears grossly normal, although additional branching and failure of the two cilia to spread is often observed (str-1::ODR-10::GFP). (G) Animals expressing ODR-10 in AWA and AWB (AB) are attracted to diacetyl. However, dual-sensing animals lacking glia are repelled. (H) EM showing absence of AFD microvilli-like projections (arrowheads) in glia-ablated animals. Scale bar, 0.5 mm. WT, wild type; no glia, diphtheria-toxin-ablated glia; che-2, che-2(e1033) mutants; error bars, SD of 12 or more assays. fig. S4 ), the G-alpha protein ODR-3 (AWA, Fig. 1D ), and the cyclic-nucleotide-gated channel subunit TAX-4 (AWC, fig. S4 ), was unaltered.
We next examined behaviors mediated by amphid channel neurons. Sheath-glia ablation completely blocked chemotaxis toward NaCl ( Fig. 2A) , a behavior mediated by the ASE neurons (15) . Avoidance of a high osmolarity barrier, mediated by ASH (16) , was also entirely abrogated (Fig. 2B) , as was long-range avoidance of 1-octanol (Fig. 2C) , a behavior mediated in part by ADL (12) . Surprisingly, sensory ending morphology, length, and microtubule organization of all channel neurons appeared normal in ablated animals (Fig. 2, D and E, and fig. S1 ). Furthermore, ciliary localization of intraflagellar transport components (CHE-11, DYF-11), or of ODR-10, expressed in ASH, was not disrupted by sheath-glia ablation ( fig. S4 ).
We used G-CaMP to examine Ca 2+ level changes in ASH in response to high osmolarity.
Whereas wild-type animals increase intracellular Ca 2+ after exposure to and removal of an osmotic stimulus (Fig. 3A and fig. S5 ) (17) , sheath-glia ablated animals lacked these responses (Fig. 3B and  fig. S5 ). To determine whether signaling downstream of Ca 2+ elevation was disrupted, we expressed the light-activated channel channelrhodopsin-2 (ChR2) (18) within ASH. In the presence of retinal, a ChR2 cofactor, glia-ablated (and wild-type) animals initiate backward locomotion (Fig. 3C) , demonstrating that downstream signaling is intact and that glia are not required for ASH health/viability. When C. elegans are soaked in lipophilic dyes (e.g., DiI), some channel neurons, and AWB, take up and concentrate the dye. DiI uptake was eliminated in all amphid neurons in glia-ablated animals (Fig. 2F) . Thus, dye filling (defective in channel neurons and AWB), ciliary morphology (defective mainly in AWA, AWC, and AFD), and behavior generation (not defective in AWB) are independent properties of amphid sensory neurons, each requiring the presence of sheath glia.
To uncover glial factors controlling these neuronal properties, we compiled a list of amphid sheath-glia-enriched transcripts. mRNA from cultured GFP-expressing amphid-sheath glia was compared to mRNA from other cultured embryonic cells by hybridizing each population to an oligonucleotide gene array. We identified 298 unique transcripts with greater than fourfold enrichment (table S1), including the known glial genes daf-6 and vap-1 (19 To validate our results, we generated GFP reporter fusion constructs to promoters of seven genes. Five were expressed exclusively in amphid sheath glia and phasmid sheath glia (an amphid-like tail sensory organ) (Fig. 4, A and B, and fig. S6 ).
We screened enriched genes by RNA interference (RNAi) for defects in amphid neuron dye filling (Dyf phenotype) and identified the gene F53B7.5, which we renamed fig-1 (Dyf, expressed in glia). RNAi against fig-1 resulted in dye-filling defects in amphids and phasmids ( Expression of a fig-1 promoter::GFP reporter was detected exclusively within amphid and phasmid sheath glia (Fig. 4, A and B ) and was first evident in late embryos, continuing throughout adulthood. Thus, FIG-1 expression may be required continuously for neuronal dye filling. fig-1 is predicted to generate two alternatively spliced mRNAs encoding proteins of 3095 (long) and 2892 (short) amino acids, the short isoform being sufficient for rescue (Fig. 4D) . Both proteins contain an N-terminal signal sequence, a TSP1 thrombospondin domain, 18 C6 domains, and a second TSP1 domain (Fig. 4C) . The larger protein is also predicted to contain an EGF-like type II motif at its C terminus (8) . TSP1 and EGF-like motifs are characteristic domains found in astrocyte-secreted thrombospondin proteins implicated in synapse development (20) .
To We have demonstrated that C. elegans amphid sheath glia provide associated neurons with at least three separate activities and have identified a molecular mediator contributing to two of these functions. Recent studies suggest that C. elegans glia share developmental similarities with vertebrate glia (21) . At least some of the glial functions we describe might, therefore, be conserved in other sensory systems.
Astrocyte-secreted thrombospondins play important postsynaptic roles in synapse assembly and function (20) . Our studies of FIG-1, which contains domains also present in thrombospondins, demonstrate that this glial factor plays a key role in modulating sensory neuron properties. The rapid turnover of FIG-1 protein is intriguing, suggesting possible dynamic roles. Could FIG-1 and thrombospondins have related molecular functions? Sensory receptive endings share some similarities with postsynaptic neuronal endings. Both respond to diffusible cues by activating G protein-coupled receptors (11) or ligand-gated ion channels (22); postsynaptic dendritic spines are highly malleable in shape and size (23, 24) , as are sensory neuron receptive endings (25) ; and many vertebrate excitatory synapses are ensheathed by glia, as are sensory neuron receptive endings. These observations, together with the domain structure of FIG-1, suggest the highly speculative notion that analogies between the "sensory synapse" and true synapses might, in part, reflect molecular homologies. Our results provide strong evidence for essential glial contributions to sensory organ function. 
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Materials and Methods
Strains
C. elegans strains were cultured at 20°C as described (1) P exp-1 GFP was kindly provided by Eric Jorgensen (2), pSL1180 is an empty cloning vector used to increase the DNA concentration of injection mixtures. Germline transformations were performed as described (3) . Stable transgenes were obtained via psoralen integration (4) .
Ablations
Laser ablations were performed as described (5) in L1 larvae of a strain expressing GFP in amphid sheath glia (cbIs1). Ablation success was determined by lack of GFP expression and also confirmed in eight animals by EM reconstruction. All cilia morphologies were determined in laser ablated animals as well as transgenic lines lacking glia. An attenuated form of diphtheria toxin A was expressed specifically within amphid and phasmid sheath cells using the F16F9.3 promoter region to kill these cells genetically. Transgenic animals carrying pTB29 [F16F9.3 pro::DT-A(G53E)], injected at 2 ng/μL, and pEP51 [unc-122 pro::GFP], a gift of Elliot Perens, were obtained by germline injection followed by psoralen integration. In the two lines characterized, "no glia 1" (nsIs109) and "no glia 2" (nsIs113), the amphid sheath glia appear to die in late embryos or in early L1 larvae. Laser-ablated animals were tested in NaCl chemotaxis and osmosensation assays and they performed similarly to genetically-ablated animals, indicating that the two ablations are essentially equivalent.
Behavioral analysis
NaCl chemotaxis and odortaxis assays were performed as previously described (6, 7) . Attractants were assayed on circular plates; repellents and diacetyl in the experiment shown in Fig. 1G were assayed on square plates. All data shown is from 12 assays. The ring assay was used to test osmosensation (8) . Briefly, a 1-cm ring of 4 M fructose containing the dye Congo Red was made on an NGM plate. Animals were placed inside the ring and followed over the next 10 min to determine the response to the osmotic barrier. Animals avoiding the ring more than six times were classified as normal; those exiting the ring in less than six attempts were deemed defective in osmosensation.
Thermotaxis assays were performed on a 18°-26°C linear temperature gradient (9) . Animals were allowed to lay for 8-24 hours and removed from plates. The staged progeny were tested on the first day of adulthood. Briefly, animals were washed twice with S-Basal and spotted onto a 10-cm plate containing 12 mL of NGM agar. The plate was placed onto the temperature gradient with the addition of 1 mL glycerol to its bottom to improve thermal conductivity. The plate was covered with a flat piece of glass. The assay was stopped after 45 min by inverting the plate over chloroform thus killing the animals. The plates have an imprinted 6x6 square pattern which formed the basis of the 6 temperature bins. The data shown is the average of four assays.
Dye filling
Stock solutions (5 mg/mL) of 1,1'-dioctadecyl-3,3,3',3'-tetramethylindocarbocyanine perchlorate (DiI) in N,N-dimethylformamide were stored at -20°C. To assay dye uptake, animals were soaked in 5 µg/mL DiI diluted in M9 for 20-60 min.
Microscopy and Imaging
GFP expression patterns were analyzed in stable transgenic lines by conventional fluorescence microscopy using an Axioplan II microscope equipped with an AxioCam camera. Alternatively, imaging was performed on a Zeiss Axiovert 200M microscope equipped with an UltraView spinning disk confocal head using a 100x/1.45 NA objective.
Calcium imaging was performed using a microfluidic device as described (10) . Images were captured at 10 frames/sec and were analyzed using MetaMorph and Matlab (10) .
Electron Microscopy
Animals were fixed, stained, embedded in resin, and serially sectioned using standard methods (11) . Imaging was performed with a transmission electron microscope equipped with a digital camera.
Channelrhodopsin2
An overnight culture (5mL) of E. coli (strain OP50) was pelleted and concentrated to 50 μL. To this, 1 μL of 50 mM retinal (a gift of Navin Pokala and Cori Bargmann) was added. After vortexing, the mixture was spotted in NGM plates. Animals expressing ChR2-mCherry were transferred and cultivated on these plates for at least 2 hours. Animals were assayed on a dissecting microscope by exposing them for about 1 second to excitation light using a GFP Plant fluorescence filter 470/40nm. Animals initiating backward movement within 2 seconds were scored responsive. The animals were not responding to UV light per se as omission of retinal, a channelrhodopsin2 obligate cofactor, resulted in unresponsive animals.
Cell Culture
Embryonic cells were obtained using methods previously described (12, 13) . Briefly, embryos were isolated from gravid adults following lysis in a hypochlorite solution. Eggs released by this treatment were pelleted by centrifugation and washed with sterile egg buffer containing 118 mM NaCl, 48 mM KCl, 2 mM CaCl 2 , 2 mM MgCl 2 , and 25 mM HEPES (pH 7.3). Eggshells were removed by incubation in 5 ml chitinase (0.5 U/ml in egg buffer) for 45 minutes. Embryos were pelleted by brief centrifugation, and the egg buffer was removed and replaced with 2 ml L-15 medium supplemented with 10% FBS, 50 U/ml penicillin and 50 µg/ml streptomycin. The osmolarity of the culture medium was adjusted to 340 mOsm with sucrose.
The embryos were dissociated by passage through a 5µm syringe filter. Cells were plated on poly-L-lysine (0.01%) coated cell culture dishes at a density of 10 7 cells/ml and maintained in L-15 media at 22°C in a humidified chamber. The cells were cultured for 24 hr to allow differentiation of GFP-labeled amphid sheath cells. The vap-1::GFP transgene used also drives faint expression in the AFD neuron.
FACS analysis
Sorting experiments were performed on a FACSVantage SE/DiVa, equipped with a 488 nm laser. The machine was flushed with egg buffer prior to sorting to enhance cell viability. Autofluorescence levels were established by flow cytometry of cells isolated from the non-GFP-expressing wild-type strain (N2). The sorting gate for size and granularity was empirically adjusted to exclude cell clumps and debris and to achieve ~95% enrichment for GFP-labeled cells, which represented 0.1% of the total cell count. The cells were collected directly into RNA extraction buffer. As a reference, equal amounts of non-GFP cells were collected by FACS for RNA isolation.
Isolation and amplification of RNA
For each experiment, mRNA was isolated from 90,000 -120,000 cells using the Absolutely RNA microprep kit. 90-150 ng of obtained total RNA was subjected to linear amplification, fragmentation and biotin labeling using the Ovation TM Biotin RNA Amplification and Labeling System as recommended by the manufacturer. The quality and size distribution of obtained cDNA were assessed by gel electrophoresis.
Array hybridization and data analysis
mRNA isolated and amplified in three independent experiments was hybridized to GeneChip C. elegans Genome Arrays containing 22,500 predicted transcripts. 5 µg of fragmented cDNA were used for each hybridization. The GeneSpring software was used to carry out data analysis. For the probe intensity values generated by the Affymetrix scanner, Robust Multichip Average algorithm was used for normalization and statistical processing. Data were then filtered to remove genes with low expression values (<10). ttest was performed to sequentially filter out genes with unreliable signal level between replicates (p < 0.05). Finally, genes were filtered for fold change.
RNAi
RNAi was performed as described using published clones (14) . To screen the candidate genes, 4 L4 larvae were placed on seeded RNAi plates and their progeny screened after 4 days by dye filling.
Plasmid Constructions
Initial attempts to clone PCR-amplified fig-1 cDNA into standard vectors failed to yield E. coli transformants with the expected inserts, apparently because the cDNA is toxic to E. coli. The toxicity problem was resolved by creating expression vector pMT1, which has minimal transcriptional activity. Specifically, the SphI-ApaI fragment of pPD95-75 (15) was replaced with pBS-KS Multiple Cloning Site Region without flanking T7 and T3 promoters. To facilitate cDNA expression, the unc-54 3'UTR was amplified by PCR from pPD95-75 and the resulting amplicon was ligated to the above plasmid digested with SalI and ApaI.
FIG-1 isoforms:
Two predicted isoforms of F53B7.5 ( fig-1) are annotated (wormbase.org, release 190). While we could isolate cDNA for the short isoform, we could not amplify cDNA of the long isoform. PCR-amplification from several cDNA libraries resulted in isolation of clones that contained the last 4 exons spliced to each other, but these were not properly spliced to the rest of the gene and should not result in successful translation. Conservation of these last 4 exons in other species leads us to believe that they are likely to be part of the gene locus. It is possible that the long form is only spliced under certain conditions which were not represented in the animals used to make the cDNA libraries.
For pMT2, fig-1 cDNA (short) was amplified by PCR from cDNA and digested with NotI and XhoI. The resulting amplicon was ligated to pMT1 digested with NotI and SalI.
For P fig-1 GFP (pMT3) , we PCR-amplified a 5.2 kb genomic DNA fragment containing sequences upstream of the fig-1 ATG. The resulting amplicon was ligated to pPD95-75 digested with SphI and KpnI. This construct also gave faint expression in two pairs of ventral cord projecting neurons. This neuronal expression is not seen when using a 2.2 kb promoter region.
For P F16F9.3 GFP (pMT4), we PCR-amplified a 2 kb genomic DNA fragment containing sequences upstream of the predicted ATG. The resulting amplicon was ligated to pPD95-75 digested with HindIII and KpnI.
For P F53F4.13 GFP (pMT5), we PCR-amplified a 650 bp genomic DNA fragment containing sequences upstream of the predicted ATG. The resulting amplicon was ligated to pPD95-75 digested with HindIII and KpnI.
For P T02B11.3 GFP (pMT6), we PCR-amplified a 2.5 kb genomic DNA fragment containing sequences upstream of the predicted ATG. The resulting amplicon was ligated to pPD95-75 digested with SphI and KpnI.
For P F11C7.2 GFP (pMT7), we PCR-amplified a 350 bp genomic DNA fragment containing sequences upstream of the predicted ATG. The resulting amplicon was ligated to pPD95-75 digested with HindIII and KpnI.
For P fig-1 fig-1 (pMT8) , we PCR-amplified a 2.2kb genomic DNA fragment containing sequences upstream of fig-1 ATG. The resulting amplicon was ligated to pMT2 digested with SacI and NotI.
For P sra-6 fig-1 (pMT10) , we PCR-amplified a 2.4kb genomic DNA fragment containing sequences upstream of sra-6 ATG. The resulting amplicon was ligated to pMT2 digested with SacI and NotI.
For P T02B11.3 fig-1 (pMT11) , we PCR-amplified a 2.5kb genomic DNA fragment containing sequences upstream of the predicted ATG. The resulting amplicon was ligated to pMT2 digested with SacI and NotI.
For P fig-1 fig-1 long (pMT15) , we PCR-amplified the genomic region containing the last 5 exons of fig-1 (long isoform) . This was ligated into pMT8 taking advantage of an endogenous BspEI site in the last exon of the short isoform.
For P F16F9.3 DT-A(G53E) (pTB29), we performed site-directed mutagenesis on pJF142 [P unc-122 DT-A(K52E)], a gift of Hanna Fares (16) , to obtain the diphtheria toxin A G53E mutant. Additionally, we found that DT-A also contained the D79G mutation. The 2056 bp region upstream of the F16F9.3 start site (-2057 to -1, relative to the ATG), was PCRamplified and ligated as a PstI/BamHI fragment into the vector generated by site-directed mutagenesis. Another glia-ablated animal in which the beginning of a cilium is seen (arrowhead). An abnormal EM-dense matrix (asterisk) is seen within the channel. This matrix does not cause the dye-filling defects observed in glia-ablated animals as in some animals the socket channel is unobstructed (see C) but 100% of the animals are dyefilling defective. Furthermore, the channel opening is completely normal in fig-1(tm2079) mutants, which also exhibit dye filling defects. This matrix is also not the cause of the behavioral defects observed, as glia-ablated animals are defective in avoidance of volatile compounds such as 1-octanol which do not require an open channel for entry. Specifically, we tested daf-6(e1377) animals, in which the channel cilia cannot access the environment and are embedded within the sheath (17) , and found them to avoid 1-octanol (chemotaxis index -0.43) much better than glia-ablated animals (average chemotaxis index -0.10). (E) Wild-type channel cilia (red arrowhead) displaying the proper microtubule (arrowhead) arrangement. Note that the amphid socket glia is not affected by the ablation. The characteristic junction that the socket forms unto itself is indicated by the arrow. fig-1(tm2079) animals, the AFD villi appear normal (arrowhead) as do the channel cilia (arrow). In EM images, dorsal is up; scale bar, 200 nm. fig-1(tm2079) animals. fig-1(tm2079) animals are sluggish. We found that this defect could be suppressed by tph-1(mg280), a gene required for serotonin synthesis. As chemotaxis results are difficult to interpret if the animals have locomotory defects, we performed these assays in the tph-1(mg280) background. che-2, che-2(e1033) chemosensory mutants; error bars, standard deviation of 8 or more assays 
(F) Glia-ablated animals also have normal channel cilia (red arrowhead) with normal microtubules (arrowhead). (G) Amphid cartoon with the AFD neuron shown in blue, note the villi-like projections at the level of the cross section. (H) In
